esp@cenet document view 



1/1 ^-v 



* PHOTOMULTIPLIER AND ELECTRON MULTIPLIER 



Patent number: 
Publication date: 
Inventor: 
Applicant: 
Classification: 

- international: 

- european: 
Application number: 

Priority number(s): 



JP61 50876 
1994-05-31 

KATO HISAYOSHI; others: 05 
HAMAMATSU PHOTONICS KK 

H01J43/18 

JP19920298608 19921109 



Also published as: 

1g) EP0597667(A1) 
Q US5481158(A1) 
g EP0597667(B1) 



Abstract of JP61 50876 



PURPOSE:To prevent cross talk between rows 
of dynodes due to electron leakage in a linear 
multianode photomultiplier or an electron 
multiplier on which a plurality of measuring 
beams and energy-rays of electrons, ions, etc., 
are incident one-dimensionally. 
CONSTITUTION:Regarding a transmission-type 
photomultiplier, the direction of secondary 
electrons of a dynode 71 in a first stage of each 
row of dynodes 6 is set to be 180 deg. opposite 
to that of a dynode of neighboring row of 
dynodes. Consequently, the neighboring rows of 
dynodes are not set face to face but shifted in 
transverse direction by a prescribed distance. As 
a result, even if electrons leak from one row of 
dynodes, the leaking electrons do not come in 
the dynodes of the neighboring row and thus 
cross talk can be prevented. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The well-closed container of translucency with which a measuring beam has the entrance window by which 
incidence is carried out in an end side, and two or more transparency mold photoelectric surfaces formed by the one- 
dimensional array inside said entrance window, The dynode train arranged in the location where photoelectron 
incidence opening of the 1st step dynode counters each of said transparency mold photoelectric surface, In the 
photomultiplier tube equipped with the anode plate prepared corresponding to each of said dynode train that the 
secondary electron from the last stage dynode of said dynode train should be captured The photomultiplier tube 
characterized by having arranged said dynode train so that the direction of secondary electron emission of said 1st step 
dynode of the ****** aforementioned dynode train may serve as reverse sense 180 degrees. 

[Claim 2] Two or more reflective mold photoelectric surfaces where measuring beam incidence opening was arranged 
by the single dimension in the location which is arranged inside the well-closed container of translucency with which a 
measuring beam has the entrance window by which incidence is carried out in an end side, and said well-closed 
container, and counters said entrance window, The dynode train established corresponding to each of said reflective 
mold photoelectric surface, In the photomultiplier tube equipped with the anode plate prepared corresponding to each of 
said dynode train that the secondary electron from the last stage dynode of said dynode train should be captured The 
photomultiplier tube characterized by having arranged said reflective mold photoelectric surface so that the direction of 
photoelectric emission 0 f the ****** aforementioned reflective mold photoelectric surface may serve as reverse sense 
180 degrees. 

[Claim 3] Two or more dynode trains in which energy-line incidence opening of the 1st step dynode with which 
incidence of the energy lines, such as an electron and ion, is carried out was arranged by the single dimension, In an 
electron multiplier equipped with the anode plate prepared corresponding to each of said dynode train that the secondary 
electron from the last stage dynode of said dynode train should be captured The electron multiplier characterized by 
having arranged said dynode train so that the direction of secondary electron emission of said 1st step dynode of the 
****** aforementioned dynode train may serve as reverse sense 180 degrees. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the so-called linear multi-anode photomultiplier tube and the so-called 
electron multiplier with which the part by which incidence of the energy lines, such as two or more measuring beams or 
an electron, and ion, is carried out more to a detail was arranged by the single dimension about the photomultiplier tube 
or the electron multiplier which has the dynode train which carries out multiplication of the electron according to the 
secondary-electron-emission effectiveness. 
[0002] 

[Description of the Prior Art] Drawing 10 and drawing 1 1 show an example of the conventional linear multi-anode 
photomultiplier tube. This photo-multiplier is the head-on mold with which the entrance window 2 which receives a 
measuring beam was formed in the end side of the glass bulb 1. Inside the entrance window 2, the transparency mold 
photoelectric surface 3 for changing an incidence measuring beam into a photoelectron is formed by the one- 
dimensional array. Inside the glass bulb 1, the focusing electrode 4 of one sheet is arranged by parallel at an entrance 
window 2, and opening 5 is formed in the location which counters the photoelectric surface 3 of this focusing electrode 
4 by the one-dimensional array. If two or more measuring beams carry out incidence to each photoelectric surface 3 and 
a photoelectron is generated, the photoelectron will be led to the dynode train 6 of a response through opening 5. The 
dynode train 6 in the photomultiplier tube of a graphic display is the so-called line focus mold, multiplication of the 
photoelectron is carried out by the secondary-electron-emission effectiveness of the dynode 7 of each stage, and the 
secondary electron by which multiplication was carried out is eventually captured as an output signal in an anode plate 
8. 

[0003] 

[Problem(s) to be Solved by the Invention] In the conventional photomultiplier tube which was mentioned above, all the 
dynode trains 6 are arranged in the same direction so that it may show clearly in drawing 12 . Namely, all the directions 
of secondary electron emission of the dynode 7 located in this stage are turned in the same direction (it is the direction 
of X at drawin g 1 2 ). Moreover, between the dynodes 7 of each dynode train 6, in order to give an electrical-potential- 
difference difference, the gap is formed. For this reason, the gap formed in each dynode train 6 and the gap of the 
dynode train 6 which adjoins it serve as opposite relation mutually. Therefore, some secondary electron may leak out 
from between the dynodes 7 of each dynode train 6 in a longitudinal direction (it is the direction of Y at drawing 12 ), 
the leakage electron enters between the dynodes 7 of the adjoining dynode train 6, and the so-called cross talk 
(crosstalk) may be produced. This cross talk spoils the independence of each dynode train 6, and reduces the detection 
precision of a measuring beam. 

[0004] Although the above-mentioned photomultiplier tube is a transparency mold which has the photoelectric surface 
inside an entrance window, there is a problem of a cross talk with the same said of the photomultiplier tube of a 
reflective mold. The photomultiplier tube of a reflective mold does not have the photoelectric surface inside an entrance 
window, but is equivalent to what permuted the 1st step dynode 71 (a subscript is a number of stages) of the dynode 
train 6 of the photomultiplier tube of drawing 10 by the photoelectric cathode which has the reflective mold 
photoelectric surface. Since all the dynode trains following photoelectric cathode were turned in the same direction, the 
cross talk had produced the conventional reflective mold photomultiplier tube like the above-mentioned transparency 
mold photomultiplier tube. 

[0005] Moreover, with the photomultiplier tube of the above [ arrangement of a dynode train ], since the same is 
substantially said of the conventional linear multi-anode electron multiplier which carries out multiplication of the 
energy lines, such as an electron and ion, and detects them, it has the request of cross talk prevention. 
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[0006] Then, the object of this invention is to offer the photomultiplier tube and the electron multiplier of a linear multi- 
anode mold which can prevent the cross talk between dynode trains by the leakage electron. 
[0007] 

[Means for Solving the Problem] Invention concerning claim 1 is applied to the linear multi-anode photomultiplier tube 
of a transparency mold. Namely, the well-closed container of translucency with which a measuring beam has the 
entrance window by which incidence is carried out in an end side, Two or more transparency mold photoelectric 
surfaces formed by the one-dimensional array inside the entrance window, and the dynode train arranged in the location 
where photoelectron incidence opening of the 1st step dynode counters each of the transparency mold photoelectric 
surface, In the photomultiplier tube equipped with the anode plate prepared corresponding to each of a dynode train that 
the secondary electron from the last stage dynode of a dynode train should be captured It is characterized by having 
arranged the dynode train so that the direction of secondary electron emission of the 1st step dynode of a****** 
dynode train may serve as reverse sense 1 80 degrees. 

[0008] Moreover, the well-closed container of the translucency which has the entrance window to which invention 
concerning claim 2 is applied to the linear multi-anode photomultiplier tube of a reflective mold, and incidence of the 
measuring beam is carried out in an end side, Two or more reflective mold photoelectric surfaces where measuring 
beam incidence opening was arranged by the single dimension in the location which is arranged inside a well-closed 
container and counters an entrance window, In the photomultiplier tube equipped with the dynode train established 
corresponding to each of the reflective mold photoelectric surface, and the anode plate prepared corresponding to each 
of a dynode train that the secondary electron from the last stage dynode of a dynode train should be captured It is 
characterized by having arranged the reflective mold photoelectric surface so that the direction of photoelectric emission 
of the ****** reflective mold photoelectric surface may serve as reverse sense 180 degrees. 
[0009] Furthermore, two or more dynode trains in which energy-line incidence opening of the 1st step dynode with 
which, as for invention concerning claim 3, incidence of the energy lines, such as an electron and ion, is carried out was 
arranged by the single dimension, In an electron multiplier equipped with the anode plate prepared corresponding to 
each of a dynode train that the secondary electron from the last stage dynode of a dynode train should be captured It is 
characterized by having arranged the dynode train so that the direction of secondary electron emission of the 1st step 
dynode 0 fa****** dynode train may serve as reverse sense 180 degrees. 
[0010] 

[Function] In any [ of invention according to claim 1 to 3 ] case, it is making the direction of secondary electron 
emission of the 1st step dynode, or the direction of photoelectric emission of the reflective mold photoelectric surface 
into an opposite direction 180 degrees with an adjoining thing, and each dynode train serves as fixed distance gap 
********** from an adjoining dynode train. Therefore, even if some secondary electron leaks out from the gap of a 
certain dynode train, the interior of an adjoining dynode train is not entered. Thereby, the cross talk between dynode 
trains by the leakage electron is prevented, and the independence of each dynode train improves. 
[0011] 

[Example] Hereafter, the suitable example of this invention is explained to a detail with a drawing. In addition, it 
considers as the thing which were explained previously and for which the same sign is attached to conventionally the 
same as that of a configuration, or a considerable part. 

[0012] Drawin g 1 and drawin g 2 show the transparency mold linear multi-anode photomultiplier tube of the suitable 
example according to this invention. In drawing, it is specifically a glass bulb and, as for the sign 1, the well-closed 
container of translucency and the entrance window 2 to which incidence of two or more measuring beams is carried out 
are formed in the end side. Inside each entrance window 2, two or more transparency mold photoelectric surfaces 3 are 
formed, and it is arranged by the single dimension, i.e., a single tier. Moreover, the dynode train 6 for receiving the 
photoelectron from the photoelectric surface 3 and carrying out multiplication of this according to the secondary- 
electron-emission effectiveness is formed 1 set at a time in the interior of the glass bulb 1 to each photoelectric surface 
3. The 1st step dynode 71 of the dynode train 6 Photoelectron incidence opening counters the photoelectric surface 3, 
and is arranged, and, therefore, this also serves as an one-dimensional array. The focusing electrode 4 of one sheet is 
arranged between the photoelectric surface 3 and the dynode train 6, and the opening 5 which becomes an adjacent part 
with the inlet port of a photoelectron at photoelectron incidence opening of each dynode train 6 is formed. Last stage 
dynode 7L of each dynode train 6 The anode plate 8 for collecting the secondary electron by which outgoing radiation is 
carried out from there is arranged at anterior part. In addition, the inside of drawing and a sign 9 are the 1st step dynode 
71, without making the photoelectron which is a mesh electrode and carried out incidence from the opening 5 of a 
focusing electrode 4 flow backwards. It is for guiding certainly inside. 

[0013] The dynode train 6 used in this example is a type called a line focus mold, and has taken the same configuration 
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altogether. The dynode 7 in each dynode train 6 is arranged along the direction of incidence of a measuring beam at 
staggered arrangement, as the concave surface (secondary-electron-emission side) of the bow wall counters. Although 
the dynode 7 located in the same stage is supported by the conductive support plate 10 of one sheet and not being 
illustrated, the same electrical potential difference is impressed by bleeder resistance. 

[0014] According to this invention, the adjoining dynode train 6 is turned to hard flow by turns. Namely, the 1st step 
dynode [ in / so that it may show clearly in drawing 3 / dynode train 6a of 1 ] 71 The 1st step dynode 71 of dynode train 
6b which adjoins the dynode train 6a when the direction of secondary electron emission is turned in the direction of X 
Let the direction of secondary electron emission be an opposite direction (the direction of -X) 180 degrees. By 
considering as such arrangement, from adjoining dynode train 6b, dynode train 6a will keep a fixed distance in the 
direction of X, and will be arranged. This arrangement is the same about other dynode trains 6. 
[0015] Next, an operation of the photomultiplier tube of this invention is explained in the above-mentioned 
configuration. 

[0016] If two or more measuring beams carry out incidence to the entrance window 2 of the glass bulb 1, each 
measuring beam will be changed into a photoelectron by the photoelectric surface 3 of a response. This photoelectron 
passes along the opening 5 of a focusing electrode 4, and is the 1st step dynode 71 of the dynode train 6 of a response. 
Incidence is carried out and secondary electron is emitted by colliding with that secondary-electron-emission side. 
Multiplication of this secondary electron is further carried out one by one by the dynode 7 after the 2nd step, it is 
collected eventually in an anode plate 8, and is outputted to the exterior of the photomultiplier tube as an output signal. 
[0017] If it sees about dynode train 6a in drawing 3 here, while secondary electron spreads the inside of dynode train 6a, 
a part of the secondary electron may leak out in a longitudinal direction ( drawin g 3 the direction of Y) from the gap 
between dynodes 7. However, since dynode train 6b which adjoins this dynode train 6a is the physical relationship 
shifted in the direction of X and the gap between dynodes 7 is also distantly separated from the thing of dynode train 6a, 
the leakage electron from dynode train 6a does not mix in adjoining dynode train 6b, and generating of a cross talk is 
prevented. Therefore, the separability of each dynode train 6 and an independence are extremely excellent, and the 
detection result of the measuring beam which carried out incidence to each photoelectric surface 3 becomes the thing 
which has a high precision and which has not been influenced by other measuring beams. 
[0018] The following table 1 expresses the cross talk incidence rate of the six-channel photomultiplier tube of a 
configuration conventionally which is shown in drawing 10 and drawing 1 1 . 
[0019] 
[A table 1] 





ICH 


2CH 


3CH 


4CH 


5CH 


6CH 


l CH 




0.21% 










2 CH 


0.24% 




0.22% 








3 CH 




0.24% 




0.22% 






4 CH 






0.27% 




0.20% 




5 CH 








0.24% 




0.39% 


6 CH 










0.17% 





[0020] Moreover, a table 2 expresses the cross talk incidence rate of the thing and isomorphism-type six-channel 
photomultiplier tube shown in drawin g 1 and drawing 2 . 
[0021] 
[A table 2] 
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m 2 





ICH 


2CH 


3CH 


4CH 


5CH 


6CH 


1 CH 




0.04% 










2 CH 


0.09% 




0.03% 








3 CH 




0.10% 




0.07% 






4 CH 






0.04% 




0.03% 




5 CH 








0.05% 




0.08% 


6 CH 










0.02% 





[0022] These table 1 and a table 2 show that a cross talk decreases substantially by taking the configuration of this 
invention. 

[0023] Although the dynode train 6 used for the photomultiplier tube of the above-mentioned example is a line focus 
mold, this invention is not restricted to this. For example, for the dynode train 16 in the photomultiplier tube of drawing 
4 , the 1st step and the 2nd step are the dynode 171 of four semi-cylindrical shapes, and 172. It uses and has become a 
Venetian blind mold after the 3rd step. Since other components are the same as that of the above-mentioned example, 
the same sign is attached and the explanation is omitted. The location has shifted and a lateral leakage electron does not 
mix the ****** dynode train 16 in the adjoining dynode train 16 so that clearly from drawing 4 . 
[0024] Moreover, drawin g 5 shows the photomultiplier tube by this invention for which the whole page used the dynode 
train 26 of a Venetian blind mold. Unlike the case of the above-mentioned example, this dynode train 26 is the 2nd step 
dynode 272 so that it may show clearly in drawing 6 . The direction of secondary electron emission is also the 1st step 
dynode 271 . It is supposed that it is the same as the direction of secondary electron emission. Therefore, the mixing 
prevention effectiveness of distance of the direction of X between ****** dynode train 26a and 26b of breadth and a 
leakage electron is improving further. 

[0025] All the above-mentioned various examples are related with the transparency mold photomultiplier tube. 
However, this invention is applicable also about the reflective mold photomultiplier tube. 

[0026] Drawing 7 shows one example of the reflective mold photomultiplier tube with which this invention was applied. 
Although the fundamental configuration of this photo-multiplier is approximated with the transparency mold photo- 
multiplier, inside the entrance window 2 of the glass bulb 1, it does not have the photoelectric surface, and there is also 
no focusing electrode. In drawing 7 , a sign 30 is the photoelectric cathode of four semi-cylindrical shapes, and the 
reflective mold photoelectric surface 3 1 is formed in the concave surface. The measuring beam which carried out 
incidence from the entrance window 2 emits a photoelectron in the photoelectric surface 3 1 of photoelectric cathode 30, 
after passing the mesh electrode 9. This photoelectron is led to the contiguity mesh mold dynode train 36, and 
multiplication is carried out by the secondary-electron-emission effectiveness, and it is captured in an anode plate 8. 
[0027] Although measuring beam incidence opening of photoelectric cathode 3 1 is arranged by the single dimension, 
the direction of photoelectric emission serves as reverse sense 180 degrees with the adjoining thing. Therefore, the 
dynode train 36 following photoelectric cathode 30 serves as reverse sense the adjoining dynode train 36 and by turns, 
and the cross talk between dynode train 36 is prevented like the above-mentioned transparency mold photomultiplier 
tube. 

[0028] There are various types also in this reflective mold photomultiplier tube, and drawing 8 is that example. The 
photoelectric cathode 40 which has the reflective mold photoelectric surface 41 in the photomultiplier tube of drawin g 
8 , and the 1st step dynode 471 of the dynode train 46 It is a Venetian blind mold and has become a contiguity mesh 
mold after the 2nd step of the dynode train 46. 1 will be understood easily from drawing by that the direction of 
photoelectric emission of the photoelectric surface 41 of photoelectric cathode 40 is made into the reverse sense 180 
degrees with an adjoining thing, and the location of the ****** dynode train 46 is shifted. 
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[0029] Drawing 9 shows the linear multi-anode electron multiplier for detecting energy lines, such as an electron and 
ioti. An electron multiplier is equivalent to what removed a glass bulb, the photoelectric surface, and a focusing 
electrode 4 from the transparency mold photo-multiplier. The electron multiplier in a graphic display example is two or 
more preparations and its 1st step dynode 571 about the so-called box type of dynode train 56. Energy-line incidence 
opening is arranged by the single dimension. It can apply also to such an electron multiplier and this invention is the 1st 
step dynode 571 of each dynode train 56. The direction of secondary electron emission is the 1st step dynode 571 of the 
adjoining dynode train 56. It considers as the reverse sense 180 degrees. Therefore, each 1st step dynode 571 When 
energy lines, such as an electron, carry out incidence to energy-line incidence opening, the electron leaked from the gap 
between dynodes 57 does not mix in the adjoining dynode train 56 completely like an operation in the part of the 
dynode train 6 of the above-mentioned photomultiplier tube. The electron by which multiplication was carried out in the 
inside of the dynode train 56 is captured eventually in an anode plate 8. In addition, the sign 60 shows bleeder resistance 
among drawing. 
[0030] 

[Effect of the Invention] As mentioned above, according to this invention, the cross talk by the leakage electron between 
****** dynode trains is prevented, and the independence of a dynode train will become very high. Therefore, when 
detecting simultaneously two or more measuring beams or energy lines using the linear multi-anode photomultiplier 
tube or the electron multiplier by this invention, the output from each anode plate has good separability, and it becomes 
the thing of high degree of accuracy. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Dra win g 4] 

~ I7 2 ~ I7e 3 2 9 5 I7i I7 2 ft 




[Drawin g 8] 
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[Drawing 6] 
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[Drawing 10] 
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[Translation done.] 
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